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Introdnctory Remarkf. 

The following argument against an opinion almost universally re- 
ceived by geologists was composed for publication in the American 
Journal of Science and was forwarded to the editor for that purpose 
in 1842. Professor Silliman respectfully declined to insert it contra- 
dicting as it does his own opinions. 

While traversing the State of Ohio, some years since, 1 found that 

our citizens took a lively interest in whatever relates to geology and 
the earth, and read and reflected upon what is published concerning 
them. Numbers of intelligent men disputed with me the doctrine of 
the books,that bituminous coal is of vegetable origin. A theory which 
met with such general disbelief, even though among men whose pre- 
tensions to science were nothing, must at least possess something un- 
natural. Geology itself ia little more than an abstract of the obser* 
rations of individuals; a collection of facts, by the labor of thousands. 
Every person has to do with the materials of the Surface of the earth, 
and almost every observing man examines these substances with scru- 
tiny and naturally reflects upon the changes they have undergone. — 
•No subject of a scientific kind, is more popular or better adapted to the 
circumstances and capacity of the mass. When a theory in such a 
science, therefore, meets with almost universal discredit, this is a rea- 
son for re-examination by men of science; although it may not of it- 
self go far to overturn the doctrine. 

It is certainly better, if it is desirable to distribute ^'learning among 
men," that the deductions of books should contradict the popular belief 
and common observation as little as possible. To reconcile discrep- 
ancies between what is called common sense, and science, rather than 
strive to widen the distance between them, by advancing what b mys- 
terious and incomprehensible. 



J. 



,- Wi*h t^ese vteir9rbeg«iiV?eyi§wbf-thB doctrine of the books: 
tfciatecJal-iB of vegfetable and not mineral origin; and my researches 
and observations have converted me to the popular side, in opposition 
to the authorities. Some of my reasons will be found in this paper. 

I am aware that to professed geologists my presentation of the sub- 
ject may not be satisfactory. Like myself heretofore, they are now 
committed to the vegetable theory, and have a bias in its favor. — 
Many of the professors in geology, are in advanced life and com- 
menced theif studies while the science was in its infancy, and when 
the authority of books was almost supreme. Its ablest authors have 
reaffirmed the doctrine in theitr books with new arguments and facts. 
Dr. Sangrado. considered this a sufficient reason for maintaining his 
old opinion^. 

Perhaps some of the fathers of the science may here find enough 
to induce a reexaminati(m of the old doctrine; and with them many 
of the younger geologists. 

If tbi3 is done in a spirit of candid enquiry, untrammelled by habit 
and and^t authority^, asd my ideas should sli)>l be regarded as errone- 
ous, the old theory will thereby receive strength and its friends 
will occupy their position with new evidences of its correctness. 



structure off tlie £artl&-^Its Ijaiv- off Harmony* 

The outer masses or crust of the earth are composed principally of 
earths, alkalies and oxides, sometimes in cowjibination with acids ar 
simple substances,, such as sulphur and phospkorus, and sometimes 
not. We have these fadp by observation. Tfcey are not deductions 
of science but matters of plain every day experience. Tlie learned 
may know most of the properties and chemical composition of the globe 
Oft which we live, but all men have knowledge enough to observe a 
palpable difference between it and the animals a«d trees which exist 
upon it. They call the earth a mineral "kingdom" to distinguish it 
from the awmal, or vegetflfele kingdoms. Geologists make use ol tbo^ 



same terms. It is not singular, therefore, that the mass of mankind 
are taken by surprise, when they are told that in this grand division 
of the universe called mineral^ there is one exceptioH; and that an im* 
portant portion of the Secondary rocks are vegetable rocks. Is not 
this apparently an arbitrary violation of that conspicuous uniformity, 
law and order which pervade the universe! Would it not be safer; 
more philosophical, and even more reverent towards the creator him^* 
self to forego the adoption of a theory so contradictory to* the spirit 
and harmony of his works? Is it not better to be without a tiieory \ 
than to adopt one which is absurd, without the clearest proof! The 
doctrine- we are combatting was one of the earliest speculations of 
geologists; while as yet the science was enveloped in the*darkness and 
errors of its first dawn. Mr. Lyell says of the geological fathers 
that they "indulged in many visionary theories." If the bias of their 
readers has been to sustain their theories, without careful examination 
as original questions^ the authority^ of the later works taking the same 
side is thereby much weakened. Does not the exact transmission of 
language and thoughts from the early writers down through all the 
subsequent works to our time, prove the supposition of such a bias! 

Let us suppose the question: here started for the first time. That 
there had hitherto been no theary and consequently no prejudice- 
that meny content with an observation of the rocksj their order, com- 
positioniand economical value, had not speculated so much upon their 
origin. 

On the surface'they find; first thediluvion, composed ef toose frag- 
ments of rocks, constituting gravel, clays, marls and sand, confessed- 
ly of a mineral nature. 

Descending in the natural order, next come the tertiary fbrmadbns 
made up of stratified beds of clay, limestone and other rocks. Still 
farther down in the body of the earth, we strike the cretaceous group, 
with lime^as a base — then the green* sandj composed of earths and al- 
kalies — the oolitic systerac; of alumine andi lime — the red sandstone, 

lime and silex. Nineteen4wentieths of the coal formation- itself, is 
shale, sandstone or limestone. It rests^ upon the conglomerate, all si- 
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{ex — ^that again tipcm 1500 to 25(K) feet of aluminoui^ coleareous, and 
silicious rooks, which, whatever may be their character or origin, we 
attribute to one method, and call them all by the name of mineral 

substances. At the bottom of the Cambrian system,, a dififerent meth*^ 
od of formatiMi is observed; no more organic remains — no farther 
stratification,, or order of super-position; but the same ingredients are 
still present, lime silex, alumine and oxides of metals, even metalB 
themselves, and th^y are here as elsewhere denominated minerals. — 
In fact the younger rocks are considered as composed of the materi' 
nh of the older merely changed in position, and in fcMrro. The agent 
employed in this work of change, is thought to be water. It is sup-> 
posed to have possessed by means of heat, or acids, or some corrosive- 
mixtures, an extraordinary solvent power, and strong chemical force^ 
sufficient to effect the diss<^ution of the ancient or primitive rocks.^— 
Yet it is denied that this menstium could liquify bitumen, and therefore 
we must look for some cause for its production on the- spot where il i» 
found. That not being soluble in water,, it could not have been takeu 
up with the materials of the secondary rocks; and being specifically 
lighter, could not have been deposited by that fluid. It is moreover 
advanced as a geological truth that bitumen did not exist until the era 
of the secondary rocks, because none of it is found in the primary. — 
If it is settled by observation, that the primitive rocks do not contain 
bitumen, it would readily be accounted for by the igneous origin of 
that great portion of the earth's ci*ust, during which the heat would, 
consume or drive it away. The heaviest masses of bitumen are in 
Trinidad, Palestine and the Burman Empire. Their relation or con- 
tiguity to primitive rocks, does not seem to have been thoroughly un- 
derstood, or even examined; neither is there any evidence to connect 
these immense beds of bitumen with vegetable matter. 

Cases are known of its presence in the transition series, some of 
which will be given hereafter. If it is, as contended, a kind of arti- 
ficial compound, formed from vegetable matter, in the laboratory of 
nature, among the secondary rocks, there would not seem to beany 
necessity for it» existence in the transition, the bitumen of these rocks. 



not having been provided m a form^ orm quality for economical pur- 
]«ose3. The fact of its absence from tlie primitlYe socks, (if it shall 
prove to be a fact) may be advantageously compared,, with the same 
state of things, in regard to- gypsum, salt and other minerals of the 
highest value to man, which these rocks donot furnisL In truth, the 
argument drawn from this source is not strictly in keeping with geo- 
logical principles, for the most striking peculiarity of the system^ 
next to its stratification, is the fact, that almost every mineral has its 
peculiar rock, and it is a common expression to denominate a forma- 
tion the "lead bearing," "copper bearing." or "tin bearing" rocL It 
does not follow, therefore^ that coal should have been found in the 
primitive rocks, or that its absence would be regarded as. affecting the 
question of the manner of its creation, birt only the order as to time^ 
From the granite upwards,, where we find a stratified rock, it bears 
evidence of the action of water. By this, agent as now universally 
conceded, the materials were disposed in planes or strata. Wide seas 
rolled over the earth where the dry land now appears. Approaching 
the era of the coal formaticm, the conglomerate rock is^ deposited,, as a 
basis to the series. Sometimes a coal stratum itself, rests directly 
upon the pebble rock, but usually 50 or 100 feet of shales, sand- 
stone, iron stone, limestone or fire clay intervene. All these are re- 
garded as aqueous deposites at the bottom of the ancient sea. As- 
cending, through the entire thickness of the coal series, it is not unu- 
sual to pass 20 and sometimes 30 distinct beds of coal,, separated by 
the rocks just above named.. Unless then, the coal is a product of 
marine plants, there must have been during the deposition of the 
coal formations as many radical changes in the condition of the sur- 
face of the earth as there are beds of coal. Most of the fossils of 
that formation, are land plants^ of large aze, and requii;ed, if not dry 
land for their roots, an atmosphere for their leaves and branches. — 
The shales, limestones, &c.,. could only have been deposited, beneath 
the surface of water, and they now occupy the same area as the coal. 
Upon each square rod of ground, occupied by these 20 beds of coal, 
there must have been 20 recedings of the universal sea^20 returns, 
and 20 periods of vegetable production, on the surface of the earth,. 
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And this, long before the globe was fitted for the permanent occupation 
of the- vegetables intended for its final state. For at that epoch, the 
geological structure of our planet was not complete. It lacked a part 
of the secondary, and all of the tertiary and diluvial deposites, since 
then piled upon the coal. Now, although it is sometimes advanced, 
that large masses of rock formations, were the result of gradual con- 
cretions, by marine animals, like the coral polypii; and that these fiir* 
nish an analogous case, the distinction is in fact too great to admit of 
analogy. Whether the animalculse originate the substance of the 
rock, or merely extract the mineral* contents thereof from the water, 
thus assisting deposition; there is nothing unnatural in the process. 
Many are marine, and calculated' to flourish beneath the waters where 
they are found. If^ instead of raollusca and Crustacea, we found the 
fossil remains of birds and quadrupeds, and attributed the rock forma- 
tion to their agency, the- cases would be parallely and equally strange. 



Statement of tite Qnesttoitw. 

My proppsifcion is simply Xhlsr—the coal and the coal bearing rocks 
have a common origin. If, therefore, we call the shales, sandstones, 
<kc. of that formation, mineral in their origin, and deposited from wa- 
ter, then the coal must be called mineral also;, and an aqueous depos- 
ite. If the sandstones, shales and iron beds,, containing myriads of 
vegetable fossils, are misnamed, and! are in fact of vegjstable parent- 
age, then the same* term is applicable to. the beds>of coal contained 
within; them. 

The question itself would be regarded as a matter of idle specula- 
tion, if it had not assumed- a prominent place in geological books now 
read throughout the world; 

Geologrical and I^ttlkologrlcal Character- of Coal* 

To begin the comparison: the coal is strained like the other rocks. 
Its external stratification is. in fact more perfect than any other rock 
of the coal series, except the limestone. Its superior and inferior sur« 



^aces are more regular and parallel than either the shale or sandstone. 
In proportion to their thickness, the coal strata extend over greater 
spaces, without being cut off or lost, than any other. In the roof of 
a mine, the rock is seen to change in character very often. A bed of 
shale, in contact with the coal, is displaced by a deposite of sandstone; 
and these thin out and thicken up rapidly, while the coal holds one 
uniform thickness and quality. The iron strata are more limited in 
extent than the coal. The main coal beds appear (when not disrupted 
by force) to extend throughout the basin to which they belong — in 
America many hundred miles across. Of internal stratification or 
lamination, the slates and shales are considered as offering the most 
perfect specimens; and aa proving, most conclusively, the fact of sed- 
imentary disposition. Th% lines or planes of deposite are so distinct 
as not to admit of a moment's hesitation. The stratum of shale, in 
which this conclusive record of aqueous action is found, rei^s upon 
another; which is bituminous coal, and that upon a third, perhaps as 
well laminated as the first. In the case which often occurs, where 
the intermediate bed is blue limeetone, instead of coal, tho marks of 
internal stratification are few, the fracture being as easy in a vertical^ 
as in a horizontal direction. Yet without these additional proofs, there 
is no hesitation in ascribing the blue limestone to a mineral and wa- 
tery origin. 

The bituminous coal, is a real slate. It generally breaks readily at 
the vertical joints into rectangular blocks. In. a horizontal direction, 
or parallel to the surface of th& bed, it splits, into thin lamnay from 
the thickness of paper to that of a table knife. 

By examining^ the edge of a block of coal, these partings or leaver 
are made apparent to the eye,, b^ the changes of color from brown to. 
jet black. The sulphuret of iron, and plates of clay, are sometimes 
interlaminated. The difference in color, at the edge of the specimen, 
arises from a difl^rence in the purity of the lamina. When carefully 
burned, the bromm, or lighter streaks, will be found to have the most 
ashes, or earthy residue. This is a general rule. If the coal ia 
quite pure, thi& wnute plaits aro fess apparent,, but aatil embraces. 
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more earthy matter, it becomes less valuable, and passes through all 
grades into bituminous shale, which burns slowly, and retains the sla- 
ty structure after the fire has passed through. 

In the mines at New Castle, Ohio, the iron pyrites take a stratified 
form, extending many hundred feet, of a thickness not exceeding an 
inch. A layer of shale, about 3 inches thick, occupies the middle of* 
a bed in Lawrence couuty, Ohio, for many miles. The top of the 
stratum, is diflferent, in all coal beds, from the bottom^ being more im* 
pure, and consequently more ♦^laty. In fact, cut a section down 
through the superior shale, into the coal itself^ and examine the evi^ 
dences of lamination in both, there will be found no material difier-^ 
ence, in this feature, on passing from one to the other. 

It is probably a waste of time to multiply proofs of the straUfica^ 
Hon of coal^ both internal and external". 

Prof. Hitchcock (in hfe geelogy, p. 54) makes the following deduce 
tions, from the fact of stratification — "All stratified rocks, appear to 
have been deposited from water. Proof — The manner in which the 
ingredients are arranged in parallel strata, and lamina, is precisely 
like that of sub-aqueous deposites. By no other agent that we know 
of, is the stratified and schistose arrangement of rocks produced."' 



1 



Bitameii) bmA Ito Presence In Rocks» 

Bitumen is not soluble in water; and therefore it is' averred, and 
with much apparent force, that it could not have been in suspen^on 
by water. And more: it is specifically lijghter, and could not have 
been deposited by that fluid If, however, it can be shown, that both 
these things ha»e taken place, the abstract difii'culty must give place to 
the fact. And whether a tlieory, may or may not be found; to do 
away with the supposed obstacle, will not be a matter of much im- 
portance, after the obstacle itself has been fbrced out of the way. 

Bitumen, whether spluble^ or not, exudes from the earth in thouMuids 
of instances^ in a liquid state^ and in connection with water. Now, 
for the puBposeaof geological union, or even of chemical action, t1>e 



11 

great object is jained, when the substances are in a state of liquifa> 
tion; for they are thus enabled to obey their affinities, and move tow* 
ards the centre of attraction. 

In Ohio, the rocks below the coal are bituminous. An old salt well| 
in Liverpool, Medina county, sent off at first many barrels of petro- 
lum; and this boring is in the slate formation, beneath the fine grained 
sandstone. The well is in a valley, probably 300 feet below the con. 
glomerate, and perhaps 100 feet above Lake Erie. The bitumen be- 
gan to flow at 90 feet from the surtace. Dr. Locke (GeoL Rep, 
Ohio, 1839, p, 271) says: "I have noticed that the rocks above the 
blue limestone and below the sandstone, are bituminous, and occa^0D« 
ally have cavities filled with petroleum, like thick brown oil." From 
the blue limestone (a lower member of the great limestone formation 
of Ohio) the upward section is as follows — 

Cliff Limestone and Marls ... 272 feet 

Black Shale or Slate .... 251 " 

Fine grained (or Waverly) Sandstone - 343 " 
Conglomerate—— 

The Black Shale is sometimes sufficiently bituminous to bum, with 
a bright flame. It doubtless contains bitumen and carbonaceous mat- 
ter enough in the 250 feet to constitute, if collected, a heavy bed of 
coal. According to the Geological Report of Michigan (1838, p. 8) 
there are cavities in the limestone of that peninsula (called the moun* 
tain limestone) which are filled with bitumen. The geological posi- 
tion of the rocks of Ohio below the conglomerate, has been the sub* 
jBct of much discussion. Mr. Hall, of the New York Survey, is con- 
fident that the fine grained sandstone should be classed in the Devoni- 
an System — Am. Journal for Jan. 1642. If this is a correct classifi* 
cation we have 500 feet of rock&, older than the old red Sandstone, 
that are charged with Bitumen. That of the Shale is sometimes dis- 
tributed throughout the mass in a solid form. In other place? it is li- 
quid, and flows from the earth in connection with inflammable gas.— - 
I have a specimen of solid bitumen from a septaria, or calcareous sphe- 
roid^ imbedded in this formation; which, when taken out, weighed se^ 
▼eral pounds. 
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The fine grained sandstone itself encloses bitumen, disseminated 
throughout its texture. 

We have then established beyond dispute, the existence of this sub- 
stance, through a wide range of sedimentary and stratified rocks des- 
titute ^ vegetable remains. If therefore the presence of vegetable 
reliquiea, in the coal series, is proof that the bitumen of that forma* 
tion is derived from them, their absence in the black shale and lime- 
stone, is evidence to sustain the assertion, that in the latter rocks, it is 
not drawn from such a source. Even in the fine grained sandstone, 
vegetable fossils are most rare. Should the friends of the vegetable 
theory, abandon it as to the rocks below the fine grained sandstone, 
supposed to be the equivalent of the Portage and Gardeau rocks of 
New York, the question will be confined to the animal and the miner- 
al kingdom. 

For the animal doctrine, the evidence would be found as strong 
throughout the upper limestone, as it is for the vegetable in the coal. 
In order to escape a natural inference, that a mineral substance had p, 
mineral origin, a resort is had to two methods of originating the same 
things one chemical, and the other animal. But even then, how is 

the non-fossiliferous shale to be provided? By transportation from 
other rocks? How transported except by the agency of water? And 
how disseminated, through the body of a rock, if not in solution , or 
mechanical suspension; and Intimately mingled with the materials 
composing that rock, at the time of its deposition. 

So we have a substance, in existence at the Silurian epoch, scatter* 
ed widely through that system^ entering into the structure of its rocks, 
stratified with it, before the age of land vegetation, and probably pri* 
or to the existence of dry land, ascribed to a vegetable source. 

These instances are selected from the older rocks, beneath the coal; 
because in regard to the bituminous shale, of the coal series it might 
be claimed that the bitumen, being supplied in immense quantities, 
might be included in the sedimentary rocks mechanically, and by the 
force of pressure, driven, or injected into the pores of the rock. Thisi 
indeed, would have little to do with its origin; but might obviate, m a 
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'small de^pec^ the necessity t^f solution in wateif". But it will never be 
contended, that it could be forced downward through 800 feel of com*- 

pact rock, of a much earlier date, though such k supposition would be 
more rational than that 6f a vegetable supply. And in that case, 
there must have been a complete diffusion of the inflammable princi- 
ple, in an aqeteous medium — a thing which is held to be impossible.-*- 
The coal itself, is not therefore the only magazine from which liquid 
tmd solid biturhen may be drawn. Having sh6wn that it exists, in a 
form and place where there can be no evidence found, connecting it 
with the vegetable kingdom, it follows, that if it is true, that some coal 
V)r bitumen has had such an origii^, it iSiUot true, that all of it bri^ina- 
ted in that manner. 

Carbon^ Oxyg'eit) &c«^ Exist In Rocks* 

I use the terms coal and bitumen together; for it is in regard to the ■ . ^^ ^^ 
"bituminous principle oniy, that the difficulty occurs; the carbon of coal 
being c6nfessedly attributable to a mineral origin. The same is true 
of sulphtar, oxygen, nitrogen and hydrogen, consatuting, with th^ met- 
als the mass of the globe. It is beginning to be a favorite theory, that 
th6 animalcule of silicious sedimentary rocks, and the marine animals 
of the old lime rock, had a share in furnishing the materials of those 
rocks. By this is probably meant, not that the animals created new 
?;ubstances, but extracted them from the waters, by which they were 
Surrounded. Consequently, these materials had a previous existence, 
in solution or combination, now merely modified in form by the pow- 
'er of animal secretion. 

They are therefore, in reality, of another origin-, that is mineral; 
■and if, for the sake of analogy, the geologist resorts to the theory of 
animal formation, as favoring the idea of a vegetable one, it will go 
t)Ut a small distance towards such a result. If it is siipposed that the 
decaying bodies of the fossil races furnished the mass of the great lime 
rock, for instance, it will be ]?^pli6d that the analysis of those bodies 
will not give the material wilich remains, the quantity of earthy re- 
sult being kt comparison ndthing; the preservation of form impossible; 
«nd the wfe^le doctrine of li(|ueous deposition is overthrown. 
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The silicious and calcareous coverings of mariije animals, doiibtIc«f 
•went to increase the bulk of the deposite which entombed them; but 
these ghields, in general, correspond in composition, with the in^redi* 
ents suspended in the surrounding medium, and are but a deposite frou) 
it. 

Formation of Coal ]>escribed« 

The words of one author do not difier materially from those of an* 
other, when describing the origin of coal; and the distribution of the' 
vegetable masses which are supposed to give rise to it. I take those 
of Prof. Hitchcock, p. 262. ** While the eartii was in a state unfit for 
the animals, and plants now existing upon it, it was covered with a gl; 
gantie vegetation, whose relics became entombed, and were gradually 
converted into those beds of coal which are now in the course of dis- 
interment." 

The evidence of the existence of tropical plants at that period, with 

a gorgeous foliage, comparing, in profusion and beauty, with the lux- 
uriant palms of the equatorial regions, is too plain to leave a doubl on 
the mind. The roofs of our mines are ceiled over with fac similes of 
that ancient vegetation, preserved in the perfection and freshnesp of 
life. These, however, are distributed mainly . throughout the strata 
above and below the coal; and less frequently in that stratum itself. — 
There is, in bituminous coal, and in anthracite also, an appearance, be- 
tween the layers or lamina, resembling in some degree tlie compress- 
ed fragments of wood or woody splinters. The substance which re- 
mains is pure charcoal, not bitumenised, and forms only a small por- 
tion of the mass. It is light and chaffy and bears no other resem- 
blance to wood than the fibrous structure. 

The same appearance is common in the sand rocks of the coal re- 
gion. Now it is not maintained thai wood did not exist at the coal pe- 
riod; nor that it was not entombod; nor that it was not in certain cir- 
cumstances carbonised or charred. Such processes still go on, and 
from various causes. In some resinous woods, a bituminous principle 
being present in the tree or plant, would either remain or be given 
out. But we look upon these facts as )fncre incidents which occurred 
then and occur now and always will occur, while timber grows and is 
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^tbjecl to chemical action by acids, heat ar pressure. And deny tha^ 
these are great causes put in operation to build up this geological edi- 
fice, the earth. 

There does not appear to^ be auy reason why the coal plants should 
congregate in greater quantities in the vertical space of a few feet oc- 
eupied by a coal bed than in the same space in the shale above. In 
fact the shale generally seems to contain as many of them as couli 
be piled together in the same spare. And by observation these stems 
are generally confined to the shale and other rocks, being almost 
entirely wanting in the coal. The argument then, by the evidence, is 
that the shales are of vegetable origin, and that coal is derived from 
some other source. 

Supply of Tei^etable Iflatter. 

And passing by this objection where shall an adequate supply oT 
woody fibre be sought for. The imagination having no bounds to its 
creation, has constructed a forest of gigantic growth where tower- 
ing trunks crowd against each other for want of space. Let us dis- 
raiss fancy and resort to facts. We can compare the ancient produc- 
tions with that of our recent western forests. 

How much more timber could grow at the same time upon thesame 
surface than we now observe? To the utmost it could not excened dou- 
ble the crop of the bottom lands of the west. "What kind, of timber 
was it? No fossil trunk has been found exceeding 60 feet in height- 
The diameters of the sigillaria, though flattened, and consequently 
extended in width, seldom exceed two feet. Were these trees more 
solid, did they contain more bituminous or carbonaceous matter than 
the oaks, hickorys, and elms of our forests. In general, plants of the 
quickest growth contain more of the watery and less of the fibrous 
material. The ancient growth, being tropical, must have been rapid. 
But aside from any mere deduction, the impressions left to 
us, showing the space occupied by a trunk of a size equal to a large 
tree of our times, are conclusive to every observer that they were ei- 
ther hollow or soft, spongy and succulent plants. Stems having a di- 
ameter of 1 to 4 inches become a mere plate, like glass. Lepidoden- 
dra a foot through are compressed into the space of an inch and less. 
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Sigillaria \yhich when found erect t^re round, apd have the appearance, 
of a sturdy tree, when bent down or foupd prostrate benjeath the 
weight of sl^ale, present a mere scale of matter between tj^e oppo-. 
site bark. When the limbs or bodies of coal plants are found in a 
vertical postp.re their form, is often round and apparently perfect. Is 
this body transformed to coal? Very seldom indeed. Its l^rk is com- 
moply represented by a coating of coal; but the body, by the shale 
or sandstone which surrounds it. Sometimes, especially with stigma- 
ria and lepidodendra, where branches pass upward from one stratum to. 
another, the stem is engorged with the material of the lower stratum 
for sopie distance, above its surface. This- indicates, a want of solidity 
of the parts or hollovvnass which allowed the immediate injection of 
(!arthy matter. Many other facts might be added to prove that iho 
ancient tropical ferns of the coal period wereeven less capable of fur-. 
Dishing carbonaceous matter than our modern plants or trees. The. 
amount which the latter could have supplied, will be shown hereafter. 
But was it not derived from the bark? — or from the bodies of thin and 
succulent plants not containing wood? If from the bark alone, how- 
was it separated from the bodies? Where are the naked trunks that 
produced it? And if it is matter of astonishment how the sail of 
those times could produce sufficient vegetation for a supply on the sup- 
position that every part was worked into coal, in what regions shall 
we seek for that incredible fertility which could furnish a sufficient 
quantity when only an hundredth part of the vegetable is converted? 
AVhen we find a stratum of iron ore, or of limestone, shale or any 
other rock of th3 secondary class, and are told that its materials were 
i)rought from some distance, there. is nothing very strange in the pro- 
position, for we know that vast quantities of these materials do exist 
in various portions of the earth. The question of an adequate supply 
i.s in these cases easily settled. But if the limestone or the iron are 
ascribed to a foreign source, not mineral, to substances not found in 
the eartji, nor naturally belonging to it, i^ is incumbent on those who 
advance such an idea to account for the quantity of this foreign mat- 
ter. Therefore an enquiry into, the sufficiency of the supply is a naa-. 
terial one. 
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Amount of Teg^etation. 

The backwoodsman knows that the heaviest growth of the western 
forest, with all its leaves and brush, would not bridge over the ground 
OD which it stands, with a layer of compact timber h foot in thickness. 
This reduced to charcoal will diminish in weight about 80 per cent. 
In this process the carbonaceous portions are retained, showing that 
this timber would, if converted into coal on the spot, make but a very 
thin plate, not exceeding an inch in thickness. The weight of coal, 
is from tivo to five tenths greater than water; that of timber one third 
to one half ^^^^' After the watery and volatile portions are driven off, 
the weight of the carbon and the salts is about 20 per cent, of the 
timber from which it came. A bed of coal, 4 feet thick, would re- 
quire, on the supposition that the ancient vegetation was double the 
strength of the modern, and the vegetables grew upon the same 
ground, 24 successive crops to complete the stratum. And this, with- 
out furnishing any thing but the carbon, and not the bitumen. From. 
very i^ew modern trees, can that substance be obtained, in quantity. r— 
Twenty successive beds of the thickness of four feet, would therefore 
call for 430 times the timber which can grow upon the soil, at any one 
time. The evidence in proof of transportation from abroad, as well 
as reason and analogy, is adverse to such a conclusion. If the growth. 
Avas contemporaneous with the deposite, it must have taken place up- 
on higher land. How could it be reached by the waters? If reached 
how could vegetation continue. Brought from a great distance, how 
could the most delicate fibres, of a tender leaf, have been preserved 
us we find them? Not an occasional instance, but almost universally. 
And the minute workings on the exterior of the coal stems, is it pos- 
sible that these should have survived, in all the perfection of original 
growth? — If the currents were rapid, certainly not; if they were 
moderate, the whole must have perished by exposure, during a journey 

of many hundred miles, or at least the leaves, bark, and softer por- 
tions. 

In the great coalfield, lying at the western base of the Alleghanies, 

the northern arid southern axis exceeds 500, and the other 160 miles 

in length. And suppose instead of 20 strata there was but one-r-eiich 
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aqoare mile demaiids the product of 24, or ibr one bed of this baain 
more than 1,000^000 of miles — a space greater than the valley of the 
MiauMippi, from which this growth k to be gathered in. 

In a broad sea, what shall create a current from all udes to the ceh- 
terl What mystorioas agent would guide the floating mass to every 
part of the field, in equal quantities, forming beds of equal thicknesst 
carry it to the bottcmi in regular, and compact order, free of the sedi- 
ment of those waters; and in the next moment clothe it with a heavy 
mass of the same sediment? 

The Bed River has its raHs, extending many miles in lengtlvwhieh 

float upon the water. The timber is detained by the narrowness of 

the stream, its upper porti(M» decay, and its lower sink piece meaLto. 
the bottom. 
The Miiasouri and Mississippi, broader and more powerful streams,. 

bear their floodwood in solitary trees to the ocean. Sometimes it de-. 
scends to the bottom, or is thrown upon the shore, and covered with, 
mud* Here are the prominent cases known to us; the very cases 
cited by geologists to sustain their position, furnishing nothing analo* 
gous to the process required in the formation of coal. Here we bav^' 
the timber and the currents of water, the sediment to shut out the at-, 
mosphere and set the chemical agents at work. The timber sinks in ' 
a confused mass, the interstices are filled up with mud; and instead of 
carbonisation, there is either rottenness and destruction, or thus em* 
balmed they are preserved in kind. But waiving all other objection^ 
to the supply, transportation and deposite of timber, the fact of inter- 
nal lamination in coal, is wholly incompatible with this doctrine. — 

Analogy of Peat. 

Peat bogs have been called ia to aid, in the manufacture of bitomio- 
ous coal. No stratified beds have been found, supposed to proceed 
from^this source, for peat itself does not exist ist strata; bat carbona^ 
ceous matter,, allied to coal, has been observed]^ and tmnks of reA^ ' 
ous trees surrounded by it, have become carbonised. From thiailiie 

inference is taken, that coal might have been formed undertheoe eir- 
cnmstances. Now although it is something of an argomeot, that a 
thing mJKAl ha and not outragaany law of the uwvene; it is a micfai 
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slroiiger one that it could not be unless such a violation has taken 
place. Peat bogs do not, and cannot flourish under water. They are 
the product of vegetation in the northern latitudes; the result of cold, 
and not of heat. The coal plants are all tropical. Peat is mere al- 
luvion, and recent; never having been found in quantity embraced in 
rocks; it is an irregular, limited, and accidental deposite, having in 
form, composition and geological relation, about the resemblance to 

the coal strata, that concretionary lime or calcareous tufa, has to the 
great limestone formation. 

Transformation of Wood into Coal. 

Surturbrand, Lignite, Bovey coal, and the beds near Munden, are 

other instances, brought forward to prove that it was from real trees 

that the coal beds of the earth were derived. Here it is said that 

the forms of limber exist and are well preserved. It is, I believe, 

from these beds, that Mr. Parkison selected his specimens, exhibiting 

the fibrous structure; an experiment which appears to. have satisfied 

mankind of the fact that all coal has the same woody representations. 

These, however, belong to the recent formations above the coal bear. 

ing rocks; the tertiary diluviun and alluviun* They are only found 

in limited heaps,, scattered here and there like the peat bogs just no- 
ticed, and are not real coals. 

At length Mr. Hutton has made a microscopic examination of the New 
Castle coal, and testifies to the fact of an arrangement, resembling the ve- 
getable structure, with distorted pores or tubes, filled with a more vola- 
tile bitumen, than that of the body of the coal, I have before remark- 
ed that it is quite singular that no more vegetable fossils are found in / 
the coal strata, and in the limestone strata of the coal fbrmations. If ' 
they did not grow upon the spot, but were brought from abroad, it 
would be incredible that these strata should not have enclosed many 
of them. If the productions of the immediate vicinity, their absence 
at the period of the formation of each particular stratum, may be ac- 
counted for by supposing a cessation of growth, or an unfavorable^ 
influence upon vegetation, by the material there held in solution. — 
The impression of plants and trunks of trees, is what we should ex- 
pect to find in all; the strata of that period; the coal askwell as th<^ 
sandstone. 
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Upon the theory of mineral deposition, there should he at least 'an 
occasional fossil, and such we find to be the case; but not in so grea- 
profusion, as to warrant the inference, that the mass was composed o 
them. The limestones of the coal region, often exhibit the same scar" 
city. Why, then, should the presence of a fossil tree, with its bark 
fibres, rays and concentric layers, of itself alone, furnish any mora 
proof that such was its origin,than it does of the same fact in the sand 
5'tone? Was that rock ever thought to be a vegetable product on tha. 
nccount? Is the shale, in which tiie growth of that period is deposits 
ed,ybr that reason attributed to such an origin? All the evidenc- 
arising from the mere presence of plants, applies to the shales witt 

multiplied force. It has also been observed by geologists, that th»- 
shale immediately above a coal bod, is much more bountifully supplier 
with trunks and plants than any where else; lying in immediate cow 
tact with each other; crossed and intermingled, in a thousand direcs 
lions. The weight of authority is in favor of a vegetation uponlo-- 
near the spot where they now lie; and the consequence drawn frow 
their existence, by the auihors, is, that this surplus of the ancieri- 
herbage, was not mineralised. It appears however to be ft 
fully mineralised here as elsewhere, and to have grown ft 
j)rofusely as it is possible for it to vegetate with success; to hav^ 
been buried under the conditions required to form coal; and y^t thi? 
compound is not produced. We find only the bark and leaves so con- 
verted; the trunks represented by shale, and the interstices, as we 
should naturally expect, occupied by the same rock. Now may it 
not be supposed, with more reason, that the coal being already depos- 
ited presented to the plants of the succeeding stratum, a new stimulus 
prompting them to a rapid growth. That each stratum has its pecu- 
liar botany is well known. The fire clay beneath the coal seldom 
has any thing but the stigmaria, and always a plenty of that. This 
plant' is a heavy marine vegetable and not belonging to the land. It 
is not even supposed to have been fixed, but grew floating from place 

to place. What footiiig is there for terrestrial plants while the stie- 
marian stratum or fire clay is in formation. The aluminous and siR- 
cious shales, o^verlaying the coal, have their flora much more abun- 
dant and various than the solid sand- rock, because a more moderate 
and quiet deposition favored such a result. 
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€oni|>03itton of Wood ajid Coal. 

But admitting that all coal strata, will on exannination exhibit the 
^narks of woody structure,, branches and loaves; if from this fact„ 
^should it prove to. be one) \ye step to the conclusion that these trees,. • 
9nd vascular plants, contained either the quaniity or the kind of tbo 
elements which remain, we shall be in error. Unless the body of 
«ach individual tree or plant contained within, itself the ingredients of 
goal, the deficiency must come from some other tree, or source. De 
rived in this manner, there must be a decomposition, in order to re-- 
coive the foreign ingredient^ And if the woody fibre, contains sub- 
stances not in the coal, a liKe process must have been passed through^, 
in order to allow them to escape. Such a transformation, would im> 
ply a chemical dissolution and recomposition; and this would certainly 

destroy the texture of the wood, though the form might be preserved. 
If it shall be affirmed, that the parts not destroyed, are filled by the 
results of those that are, we are forced to adopt the conclusion, that 
under the efiect of the same agents, acting together, upon the same. 

substance, only a part yielded to the forces applied, and a part did not. 
the consequence of this would be that the portions not overcome 
would retain not only their original form, but also their nature, un-. 
changed. 

An analysis of Five English coals, Three others giver- 

gives: Carbon, -. - 72,23 Carbon, - 77,53 

Hydrogen, - 9,44 Hydrogen, 3,76 

Nitrogen, - - 9,79 Oxygen, - 17,24 

Oxygen, - - 10,26 No Nitrogen. 

Three of the Ohio coals, give the following results: 
Carbon, - - . - 47,745 
Bitumen, .... 40,004 
Four specimens from George's Creek, Maryland, gave : 
Carbon, .... 81,37 
Bitumen, . - - - 18,37 
Mr. Turner, in his work on Chemistry, considers Naptha,. Petroleum^, 
Minnral Tar, and other liquid Bitumens, as composed essentially of 
^he same materials. According to Dr. Ure, Naptha contains: 

Carbon, .... 83,04 
H?ydrogen, .... 12,81. 
Oxygen, .... 4,65 
Nitrogen, -. -. - -. None,. 
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On the supposition, in tl>c absence of anamses, that the bitumen oi 
tlie Ohio and Maryland coals is similar to naptha, we shall have for 
'Ohio — Carbon, 80.945; George's. Creek — Carbon, 96,66. No vege- 
table can furnish within itself this anifjunt of carbon. Even pure 
fibre gives for carbon but 51,43. Mr. Liebig (Organic Chemistry) 
and Mr. Buckland, suppose a part of this given ofl'in connexion with 
the Oxygen. The fibre is only a part of the woody structure. So 
we have only 15 to 20 per cent, of the mass of the tree, in the form 
of carbon. 

Fibre contains, in addition to the 51,43 of carbon,, hydrogen 5,82; 
Qxygrn 42^73. The volatile parts of wood, form acids and gums. 

The guuiiny and resinous portions of most vegetables form only a 
minute proportion of this 80 percent, of volatile matter. 

Take the most favorable knowu case, the resinous pines, or other 
conifera, which j)roduce tar by distillation.; and compare the proceeds 
with the bulk from which it is drawn. The pine, however,. i3 not 
found in connexion witli coal, nor is. there sufficient evidence to show 
tliat other resinous trees were present* 

Snpply of Carbon. 

From whence, then, is the carbon of bituminous and anthracite coals 
to be obtained? From the animal world? — or from the minerall— 
Should it be found necessary to resort to the latter kingdom for- any 
part of the supply, all necessity for the assistance of the vegetable is 
(lone away. For the theory takes its existence and force from a sup- 
posed want of bitumen in the original structure of the earth. 
.' • t 

> * Eartliir Residue of Wood and Coal. 

Again, where are the earthy constituents of wood which should re- 
main in the coal? In the report of the re-survey of Massachusetts, 
it is said: "When we look at the analysis of vegetables, we find these 
inorganic principles constant constituents, viz: silica lime, magnesia, 
oxide of iron, potash, soda. Hence these will be found constituents 
of all soils." In the supposed change which vegetables undergo in 
the process of carbonisation, is the disorganisation less complete than 
in the decay of timber and leaves which enter into the composition of 
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*sf»41.s? Coal contains neither lime, potash^ magnesia, or soilw. Five 
western soils gave by analysis: 

Sulphate of Lime, - - 2,32 
Phosphate " ... 0,60 

Pour of those, Carbonate '' ... 2,22 — go to the re* 

tirious trees. The ashes of the P/ww-sflircA' contain three per cent, of 

I^Aosphate of Li/Ac; and even the ])ollen of the same tree, has the 

srime per centage. The average phosphate of the Birch, Bassivood, 

(or Linn) and oak is 4,83 per Cent. All vegetation seems to imbibo 

the (3arths and salts, which arc given back to the soils by their decay. 

Such a result is inevitable. The material not being destructible, even 

l>y passing through the fire, which reduces the fibre to ashes, nor \oU 

Titile like a gas, necessarily remains with the residue; and if it ever 

entered the plant would still have been found in its remains. 

In morphia, sweet almond oil, and a few other artificial vegetable 
e.L'fracts, nitrogen has been found. In the two compounds just named^ 
5,53 per cent, (according to Dumas) but with 7ione, according to Dr 
Thompson. Indigo and Cinchonia, have 9 to 12 per cent. 

f!93ip3>3y of iVitroscii, &c. 
From whence is the nitrugon of the live English coals derived?—* 
If the gums and resinS; arc aijalogous to the bitumen, wliich it is 
claimed is produced from them, they cannot furnish it. The woody 
fibre cannot; and tiic mineral world is present with bountiful supplies' 
I Icro it exists, and forms its combinations; why not enter into coal? 
So with the carbon and hydrogen. All the materials have a being in 
a mineral state; are jjku'od in contact under circumstances favorable 
lo obev their chemical aliiiiitie>': whence therefore arises the necessitv 
for crowding aside a simple, consistent and natural explanation to in- 
troduce another, wlii»*/:i is m irvellous and inconsistent. Probably no 
tlioory will compklclij cxnlaia every thinir which is seen in connexion 
with the coal beds. '1 here arc some phenomena in every rock, 
which perplex the geologist. Tiie true philosophy is to adopt the ful- 
lest and most rational theory or none at nil. It is not ihe duty of a 
geologist to speculate upon the creation, and account for every strange 

appearance be may discover. lie is not bound to do this. It may bo 
considered an accomplishment, and a subject worthy of study, but he 
lias high practical functions to fulfill, dealing rather with the mineral 
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^jfripcrlic", lliG (^conou'lio^u value of the rocks, aslhoy exist, ihati'ivrf 
the niaiuier of tlieir oxi.stcrico. 3iy object is to oiler reosdhj^wh; 
•:lie coal strata, should nut be separated from the coal bearing rock^ 
sii the method of their crealJon; not to account for all the 0b8Gl!rve> 
phenomena, connected with ihem. I have referred the coal to ataft: 
rral origin; because geologisD refer the adjacent rocks lo that systen 
i^y it most-, if not all, of the attending facts may be accounted foi 
pierhaj)S as many as of any ether rock; but ihis is a separate dtscuf: 
Mon, for Whicii there is not room here. And bv it wo are not drivei 
to imagination, upon imagination, in order to make out a casO. W; 
t'scapo the inconsistency of supposing that the vegetation of the 
face of ihe globe became necessary to the il^pbuilding of itfl mass. 
The incredible faRcy, Iiat the unfinished earth destined for vegota^ 
should in this stage of its creation produce a growth inconceiva] 
heavier than it now docs; in its perfect state. 

That this precipitate verdure should, 'vhile occupying the valle; 
find hill sides of that day, be gathered in from the wide spread regi 
firound, and consigned to the bottom of a sea, in a separate mass. 
"Phe withdrawal of that sea, to allow farther vegetatipn, its rctum 
harvest and bring it hoine>, repeated juany times. 

These arguir-.-'nls may not be regarded as conclusive, but appear 
me worthy of consideration. Gc(dogy is not in its Jiature a scie: 
'.•.npablo of exact demonstration in many important points. It mi, 
be j)resumptivc to question a doctrine os old as the science . itself. -i ■ 
ihit errors have been maintained for a longer })eriod than this, in em 

•:5ry department of knovv]edi:;e. The doctrine was adopted when bta 
ji very small proj>ortion of the coal regions of the earth were known^ 
by men who based their opinions upon the brown coal of the tertiai^ 
system. 'J'hey may have in this as in other cases adopted a "visionw^ ', 
theory.'* [f it is so, for the credit of the science among mankind at 1 
largje, it cannot be exposed too soon. . • 

My convictions on the subject are of some years' standing. Thejp 
nre madn public v/ith lull confidence that the facts falling within mf 
limited observation can be reconciled in no other way. At the sani^ • 
time I cannot sav that others more learned, with more extensive i£ / 
sources of infoiniation, (and consequently more light) and cspccialmj 
with the opportunity of personal examination in different continents 
may not be as niuch at a loss to 4'cconcile what they have seen ari| 
known, by thio theory here advanced, as 1 have boon by the doctrui| ; 
•:»f the books. •; 
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